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MATEMATUNYECKOE MOIEJIMPOBAHME DKOJIOITMTYECKOI'O
MOHWUTOPVHTI A

Cypané AbdaysiaeBa
Cmapwiuil npenodabamens kaghedpv: « Cucmemsl sHepeocHadxerus» Tauikenmckozo
YyHUBepcumema uHGOPMAYUOHHbIX MexHoA0eull umenu Myxammaoa

AHHOTAIIWUA
[Tpo0OrreMpI 5KOIOTVN CTaIV ITPAKTUYeCKM CaMbIMU 3JI000/THEBHBIMY Ha
CErOHAIIHN JIeHb. [{HaMIYHOe OCBOeHVIe IIPUPOAHBIX OOraTCTB U pa3BUTHE
dopcrpoBaHHBIMI TeMIIaMV TeXHOJIOTUV IIPOV3BOLCTBA IIPUBEJIO K POCTY
MaTepraIbHOIO 0JIaromnosIyumns 4ejioBeka, HO 1 CIIOCOOCTBOBAJIO YIIIyOJIeHIIO
9KOJIOTMYECKOro KoJriarca. s perreHMs 3apoKIafoIXcs IIpooieM HeOOXOaMMo
OKa3saTb COJIeVICTBIE 6aJ1chy SKOJIOTMYEeCKOM 0e30I1acCHOCT M SKOHOMMYECKOW
3P PeKTMBHOCTY [1esITeJIbHOCTY BCero KOMIUIeKCa HapOIHOT'O XO34VICTBa.
KiroueBblie cj10Ba
5KOJIOTMYECKUII MOHUTOPVHT, MaTeMaTn4ecKoe MOIeIMpOBaHVe IPUPO/IbI,
9KOCUCTEeMA, SKOJIOTMYECKIe IIPOIIeCChl, METOIbI IIPOrHO3VIPOBAHSI,

KOHIIEIITya/IbHbI€ MOJIEJIVI.

ANNOTATION
Environmental problems have become almost the most topical today. The

dynamic development of natural resources and the development of production
technology at an accelerated pace led to an increase in the material well-being of a

person, but also contributed to the deepening of the ecological collapse. To solve
emerging problems, it is necessary to promote the balance of environmental safety

and economic efficiency of the entire complex of the national economy.
Key words
ecological monitoring, mathematical modeling of nature, ecosystem, ecological
processes, forecasting methods, conceptual models.

Beemenme. 3a wcTeklllee [ecsTwIeTVie MacIITaObl aHTPOIOTeHHOIO MU
TeXHOT€HHOI'0 BJIMAHVA Ha OKPYXXalollylo IIPUPOOHYIO Ccpeny IIOPOXIaroT
KOJIOCCAJIbHBIE OTpuIlaTe/IbHbIe OTKJIMKM B 3KocucTteme. HexkonTposrmpyemoe
TeXHOTeHHOe BJIMsIHIMe Ha HPUPOy 3HAuUUTeIIbHO 3arpsi3HsdeT cpelny oOMUTaHMA
4eJIOBeKa, YMCTYIO IINThEeBYIO BOAY, IPOAYKTHI IUTaHNs, HEraTVIBHO BO3IEVICTBYeT
Ha 370pOBbe HacejleHMs, CIIOCOOCTByeT BO3HMKHOBEHMIO 30H 3KOJIOTMYeCKOIro

Kpnsyca. Banaqa CHVDKEHMSI  3KOJIOTMYECKOIO pUMCKa, IIOBBINIEHVE YPOBHSA
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CTAaHOBATCSI OCHOBHOTI 3aJ1aYerl.

HayuHo-TexHuyeckuyt mporpecc KpaviHe OTpULATeJIbHO CKasbIBaeTcs Ha
npupone. 3arpsisHeHVs OKPY’KaloIllerl Cpefbl OT IPOMBIIUICHHBIX KOMIUIEKCOB
BBI3BIBAIOT TPEBOI'y 3K0JIOTOB. [IpobiieMa 3ammTsl OKpyKarolei cpeapl akTyayIbHa
IUIL  BCeX IIPOMBINUICHHO Pas3BUTBIX CTpaH. B 3Tom curyanum HyXeH
IMMPOKOMACIITaOHBII ¥ 3(PPEeKTMBHBII KOHTPOJIb COCTOSHMS IIPUIPOABI B
Merariojimcax, Ha 3SKOJIOTMYECKM OIIaCHBIX OOBEeKTOB Wit obecrieueHMs:
5KOJIOIM4ecKoVt 6e30I1acHOCTY M YCTOMYMBOTO Pa3BUTMSL.

AxTyasipHas MHQOpMaLMA O COCTOSHUM IIPUPOAHON Cpedbl HyXXHa I
KOMchpTHOVI KU3HU, BeOeHMsS YCTOWYVMBOIO XO3SVICTBA, CTPOUTEILCTBA, IIPU
ype3BblYarHbIX CUTyaluax. VIsMeHeHVs B COCTOSIHUM HPUPOIBI IIPOVCXOMAT 101
JEeVICTBVIEM ITPUPOOHBIX IIPOIIECCOB M HEraTMBHOV YeJIOBEUEeCKOV IesTeJIbHOCT.
[TorpeObHOCTP POTHO3a AHTPOIIOTEHHBIX M3MEHEHWII B IPUpPOe HeOpAMHapHAas
3a/1a4a.

B Mupe perynsapHO BemeTcss MOHUTOPVIHI KJIMMaTWUYeCKMX VM3MEHEHUN. DTO
MeTeOopoJIoryeckye, PeHOoIIoTIecKe, CeVICMOJIOTYEeCKIe 1 IPyTVie HaO IroneHs
COCTOSIHUSI OKpYyKaroIen cpeapl. Pacimpsiercs: Kpyr HaOII0eHnit 3a IPUpPOIoN,
YMCII0 M3MepPsSeMbIX ITapaMeTpOB, YBeIMYMBAeTCs KOJIMYeCTBO HaOJIIOfaTeIbHbBIX
craHuyt. CycTeMbl MOHUTOPMHIA OKpPYXKaIoIlell Cpedbl CTAaHOBATCS CJIOKHee C
KaKIbIM THeM[1].

Martepuansl m Metoapl. PelteHne mpoOiieM aHaM3a 3KOJIOTMYeCKIX
CUTYyaLU, OLIEHKM 3KOJIOTMYECKOTO COCTOSHMS, a TakKXXe CcOo3daHVie KOMITbTEPHBIX
CUCTEM  DKOJIOTMYECKOrO0  MOHUTOPMHIA M  HOPOTHO3MPOBAHMS  YMECTHO
pea/iM30BbIBAaTh Ha OCHOBE MaTeMaTM4eCKOr'o MOJeIMPOBaHMsI, OIIMCHIBAIOIIEIO
0COOEHHOCTV KOJIOTMYECKX TTPOIIECCOB.

DKojlorM4yecKasl — CUCTeMa  IIpeficTaBjiseT COOOM  CJIOKHYIO  CHUCTEMY,
00y CJIOBJIEHHYIO CJIEAYIOMIVIMY IIPVI3HAKAMIA:

- MHOXKECTBO B3aVIMOCBSI3aHHBIX U B3aVIMOIEVICTBYIOIIVIX 2JIEMEHTOB;

- MHOTO(paKTOPHOCTb LIeJIV;

- B3aVIMOJIEVICTBYIE Pa3/IMUYHBIX ITOJICVICTEM,

- ympasieHne WHQOPMaLMOHHBIMIM, SHepPreTUYecK/MY, BelleCTBeHHBIMI
IIOTOKaMM B CUCTEME;

- CJIy4aViHBIVI I HeKOJIMYeCTBeHHBIV XapaKTep n3MeHeHs (paKTopoB;

- B3aVIMOJIEVICTBYIE C BHEIITHEVI CPeIovL.

DKOCHCTeMa - 9TO CaMOPeryJIMPyeMbIll KOMIUIEKC, CTPEeMSIIUVICA JOCTUTHYTh
crabwibHOrO cocrognus. Hamume npsiMbIX, BHYTPEeHHMX VIV BHELITHMX 00paTHBIX
cBA3eMl HenaeT 3TO BO3MOXHBIM. (CamoperynupoBaHWe, OCHOBaHHOe Ha
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OTpUILIATeJIbHBIX OOpPATHBIX CBA35IX, OCJIOKHSETCS BTOPUUYHBIMM peakIusaMI U
Hpeie/IbHBIMI BO3IEVICTBUSIMI Ha 9KOJIOIYecKyie OObeKTHL.

C HOMOIIBIO CHCTEMHOIO 3KOJIOTMUYeCKOIro aHajIr3a MOXKHO C OIpefesIeHHO
BEpPOSITHOCTBIO IIPOTHO3MPOBATh XapaKTep, MacIITaObl 1 POPMBI B3aMIMOCBS3ell 1
B3aMIMOJIEVICTBUII B 3KOJIOTMM, aHaJIM3MPOBaTh YCTOMYMBOCTb, aallTaliiio
Pas3/IMYHBIX OOBEKTOB 3KOJIOTMN. VIHCTpyMeHTaMM CUCTEMHOIO 3KOJIOTMYEeCKOIro
aHaJIM3a OOBIYHO WMCHOJIB3YIOT (PU3MUecKoe 1 MaTeMaTudeckKoe MOIeIMpOoBaHue,
MeTOIbl ONTMMM3alMM, TeOPUI0O MHOXEeCTB W IIpeoOpa3oBaHUII W Jpyrue
MeTOombI[2].

Ha  cerommsmmHWMI  [OeHb  CYMIECTBYIOT  pa3HOOOpasHble  METOIbI
nporaosuposanusi. OHM pa3IMYHBL 110 KOJIMYECTBEHHOVI, KaueCTBeHHOV IIpUpoIe,
HaJleX)KHOCTV, TOYHOCTM, MaTeMaT4eCKOMY amIlapary, XapaKTepucTuKaM oOBbeKTa
IIPOrHO3MPOBaHM W OPYIrMM IHpUMeHseMbIM MeToraM. B Impolecce passurTus
3aKOHOMEPHOCTMI (POPMYIMPOBAINCH Ha OCHOBAHMM aHaIM3a M 000OIIeHMs
MeTO[IOB IIPOrHO3MPOBaHM 0OBEKTOB.

Kak m3BecTHO IMpPOM3BOACTBO BO3MEVICTBYET Ha IIMPOKUI 00beM IIPUPOIHBIX
KOMIIOHEHTOB: IIIyMBI, BUOpaIriny, BpegHble BBHIOPOCHI B CTOYHBIE BOOBI U
aTMOCepHBIVI BO3/yX, OOJIBIIIOe KOJIMYeCTBO OTXOAOB B Bude HOOBITHIX
COIYTCTBYIOIIIMX MeCTOpOXaeHuio mopon w Ap. Ilpemorspamenuro win
YMeHBIIIeHUIO IIOCJIe[ICTBUY HeCTaHIApTHBIX, a TakKXe aBapUMHBIX CUTYyalu,
COITPOBOXKIAIOIINIXCS BEIOPOCOM 3arpsi3HSIIONINX BeIecTB, CIIOCOOCTBYeT crucTeMa
MOHWUTOPVMHIa Ha OCHOBe 3KOJIOTMYeCKOro MopjeivpoBaHus. [Idg 1ojrydeHus
TOYHOTO OIIVICAHMS SKOJIOTMYECKOV CUTyaluiy Hy)KHO MIMeThb aIeKBaTHYIO MOJIEITb,
KOTOpast OTpaXaeT 3SKOJIOIMYecKoe COCTOsAHMe o0bekTa. DPdPeKTUBHOCTD
5KOJIOTMYeCKOIO0  MOAeIMPOBaHUA  ollpedersercs  MAeHTUdUKaluen U
OPOrHO3VMPOBAaHMEM SKOJIOTMYECKOV CUTyaluer, OCHOBAaHHOV Ha aHaIun3e
5KOJIOTMYecKO WMHopMalmi. DTa 3a7adva yCHelIHO pellaeTcss MeTodaMu
MaTeMaTI4YeCcKOro MOJIeIMpOBaHs 3KOJIOTMUeCKOV 0e30I1acHOCTA.

MaTtemaTrdeckoe MofeIMpOBaHe SKOJIOTMYeCKMX CUCTEM W IIPOILIeCCOB — 3TO
Hay4dHoOe HallpaBjleHle, ¢ 3 PeKTUBHBIM II03HaHVeM 3KO0JIOTMIeCcKMX IIPOLeccoB B
OKpy>KaloIlleM MMpe, KOTOpoe IIO3BOJIsIeT NPUOMM3UTh IIPAKTUKY YIIpaBIeHMs
3TMM  mporeccamnu.  IIpurom  MaTeMaTwdeckoe — Mofe/lIupoBaHMe U
SKCIIepMMeHTAIbHble HAOJIIOZIeHNs SBJISIOTCS [OIOJIHEHMeM ¥ PasBUTHEM IOPYT
U1 gpyTa.

[IpriMeHeHMe MeTOHNOB CHUCTEMHOTO 3KOJIOTMUYeCKOro aHaIn3a HeoOXOmyuMmo
UL UCCIIeloBaHWS — xapakTepa, OpMBI UM MacIITaboB  9KOJIOTMYeCcKMX
B3aMIMOCBg3€ll, aHaJIM3a YCTOMUYMBOCTM W afanTaluyl OObeKTOB 3KOJIOTMML.
DKOJIOTM4YecKyre MOJeIN - 3TO CJIOXHBIe cucTeMbl. IlocTpoeHne s3KoIOrmuecKmx

MoziesIeVt O4eHb TPYIHBIVI ITPOIIecC.
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[IpMeHeHMe HOBBIX METOIOB IIPOM3BOICTBA, Ppa3paboTKa >KOJIOTMYECKNU
YICTBIX CIIOCOOOB yTWIM3ALINIM OTXOLO0B, Ilepexof K 0e30TXOMHBIM TEXHOJIOTUSIM -
3TO OCHOBHBIe  HaIpaBJIeHVs  YMeHBbIIeHWs  HeraTMBHOIO  BO3/IeVICTBYSA
TeXHOTeHHbIe KOMIUIEKCHI Ha 3KOJIormdeckyro curyauuo. Ilommmo 3toro,
HeOOXOAMMO WM3yUUTh BIIMSIHME ero Ha OKPYXKAlOIIyIo Cpedy M pellleHMe 3a7ad
IIPOrHO3MPOBaHMs Ha OCHOBe IIPVIMEHEeHMs 3KOJIOTMYeCKMX MopesleVl VI MeTOHOB
9KOJIOTVUeCKOro MofenpoBaHus. PaccMoTpeHne 3aa4 9KOJIOTMM ¢ TOYKY 3peHMs
VX IIpeJIcTaBiIeHNs KaK 0ObeKTa Mojle/IMpOBaHMs IIogpasyMeBaeT pellleHre 3a1a4un
CHICTEMHOT'O SKOJIOTMYEeCKOTO aHaJIm3a.

11 KoJyecTBeHHOTO M3Y4eHVs IVIHAMMKM 9KOCVCTeM IIPVIMEHSIOT MeTOIbI
MaTeMaTU4YeCcKOro MoIennpoBaHusa. Mogens ynpolmaercs, IO CpaBHEHMUIO C
OpPUTMHAJIOM, HO OTpaXkaeT ero oIlpeiesjleHHble CBOVCTBA. Mopgenu Mo CIocoOy
IIOCTPOEHNS OAPA3AeIAIOT Ha: MaTepuaslbHble U neabHble[3].

MatepuasibHble  MOAEIM  WCHOIB3YIOT B IIPOEKTMPOBAHMM  OOJIBIINX
IIPOMBIIIUIEHHBIX KOMIUIEKCOB, KOTOPBIe CBd3aHBI C IIpeoOpa3oBaHMeM IIPUPOABL.
Momenm coopyXeHmiI M3roTaBIMBalOT B JIAOOpaTOpmsx, MCCIEOYIOT IIPOIIeCcCH,
KOTOpPBIe IIPOVICXOAST HpPW 3allpOorpaMMMPOBAHHBIX HEVICTBUSX. DTU  MOMesIN
VICIIOJIB3YIOT B TeXHWYECKMX 1IeJIsiX, HO OHM He IOAXOMSAT I pellleHNs IIpoliieM
skostorvyt. IlosTomy orpomHOe 3HaueHWe UId 5KOJIOTUM VIMEIOT Viea/IbHbIe
MOJIeJIV: MaTeMaT4decKue, rpadpmdeckme, MMUTALMOHHbIe, KOHIIeNITyaJIbHbIe.

['padmaeckme Momermm 3TO - OJIOK-CXEMBI,  PaCKPBIBAOIINE 3aBUCUMOCTD
IIPOIIECCOB B BUjle TpadpMKOB, TaOJINII.

KoHr1lenryasipHble MomesM 3TO - OJIOK-CXeMbl, MMUTUPYIOIIVEe BO3AeVICTBUSA
IIOZICVICTEM Y IPOLIeCCOB B KPYIIHBIX CHCTEMaXx.

OrpomMHOe 3HaueHMe [UI OSKOJIOTMM  VIMEIOT  KOHIeNITyaJlbHble U
MaTeMaTUJIeCcKvie MOIEIII.

KoHuenTyaspHas Mopmelb- 3TO BapuaHT Ooslee QopMaaIM30BaHHOIO WU
CHUCTEeMaTV3MPOBAaHHOIO BapyMaHTa TPaAVIIVIOHHOV eCTeCTBeHHOHAay4YHOV MOAEesIN
paccMaTprBaeMor 3KOCHCTEMBI, KOTOpasi COCTOUT M3 Hay4YHBIX TeKCTOB, OJIOK-CXeM,
TaOmi, rpadukKoB ¥ APYIMX WUIIOCTPAaTMBHBIX MaTepuasioB. HasHaueHnue
KOHIIENITyaJIbHOV MOJIeJIl - 3TO ODOOOIlIeHHOe, sICHOe U IIOJIHOe IIpeliCcTaBjleHle
OIIpefie/IeHHBIMY CPeICTBaMI Hay4YHOVI KOHIICTIIVIV VICCIIey €MOVI CUCTEMBL.

DHepreTuyeckasl Wi OmoxyMmmdecKas KOHIIeNTyaIbHasl MOesIb — 3TO OJIOK-
cxeMa IIOTOKOB BelllecTBa, TpodmdecKye CBA3M B 3KOJIOTMYECKOV CrcTeMe, KOTOpble
IIOSICHEHBI TEeKCTOM, TaOimiamy, TpadurKaMy, PacKpbIBAIOIIVIMII  COCTaB,
CTPYKTYPY U OIlpeesIeHHble aclleKThl (PyHKIIMOHMPOBaHMS SKOCUCTEMBL.

JoCTOMHCTBaMM KOHIEIITYaJIbHBIX MOV CUYUTAEeTCS YHUBEPCaIbHOCTD,
rMOKOCTb, MHOTrooOpasue CpefcTB BblpakeHMs M T.JI., Oiaromaps KOTOPBIM WX

MOJXHO IIPVIMEHATh K pPasjIiM4HbIM CHUCTEMaM, OJHAKO Yy HUX WMEKTCId U
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KOTOpbIE 3aTPYOHSIOT OIVICAaHVIE ITPOIIECCOB B IMHAMMUYECKVIX CVICTEMAX.

IIp 3KoJIOrMYecKOM MOAEIVMPOBaHUM MOXKHO VCIIOJIB30BaTh 3 TPYIIIbI
MaTeMaTU4ecKIX CPelCTB — TeOPUIO0 MHOXECTB M IIpeoOpa3oBaHMIl, MaTPUYHYIO
aireOpy, pasHOCTHBIe U IuddepeHIaIbHble ypaBHeHNA. Teopuio MHOXeCTB U
peoOpa3oBaHMII MOXHO WCIIOJIB30BaTh U1 MOJeJIell pPas/IMYHbIX CBOVICTB.
VsydeHne u K1accudmKalms 3KOCHUCTeM Ha ee OCHOBe CO31aeT pa3/IMyHble MOAe/In
CMEHBI COCTOSIHWMV, YyKa3bIBaIOIIMX KadyeCTBEHHBbIE COCTOSHWMSI, BEPOSITHBIE [JI
9KOCUCTEMBI, IIpaBWiIa IIepexoaa, KOTOpPbIe OIIPEeHesIsdrOT CJIeayloIlee COCTOSHVE
npu jmoboM sagaHHOM. CTaTuCTH4ecKue U BepOSTHOCTHbBIE MO CUUTAIOTCS
HarOoJslee afleKBaTHBIMI K CYIITHOCTM 3KOCUCTEM ¥ OTPakaloT BIIVITHIE CJTy4darHbIX
daKTOpOB Ha 5KOJIOTMYECKYIO CUTYalLVIO.

IlepBbi THUII MOpeseVl coO3daH Ha OCHOBe (QyHIAMeHTaJIbHBIX 3aKOHax
MaTepuaIbHOrO MHupa (3aKOHBl COXpaHeHWs SHepruy, Macchl, KOJIMYecTBa
ABVDKeHMs, IlepeHoca, TpaHcdopmauum u ap.). [TposonuTcst mcciaenoBaTesIbCKuii
OoTOOp 3HAUYNMMBIX 3aKOHOB IS OIIpeleJIeHHOTO OOBbeKTa, OCYIIEeCTBIISAeTCS WX
dopmanmsoBaHHas ~ 3adlCh,  peIlalTCd  ypaBHEHWs, W  IIPOM3BOIUTCH
VIHTepIIpeTalys II0JIy4eHHBIX PellleHN, OCYINeCTBIIAeTCs BeprdVKalvisl MOesIer.

DT Mopem HecyT B cebe mHQoOpMaimio, KOTopas 3aKIlodeHa B CaMoOW
CTPYKType MaTeMaTn4deckoy Mozenu (Tuil nuddepeHIaIbHOTO, MHTETPajIbHOTO,
OajlaHCOBOTO ypaBHeHM:), a TaK >Xe WH@OpPMalLNIO, KOTOpas COOEepXWUTCsS B
IapaMeTpax MOJe/IN, ONpeAesIHdIonlylocs M3 OmnbIToB. HyXHO yumThIBaTBH, 4TO
OTCYTCTBVI€ OIIBITHBIX JaHHBIX O Ko3ddullMeHTax B WCCIeIOBaHUM PelleHUN
MaTeMaTMYeCcKMX ypaBHEHWUI MOeIN II03BOJILeT IIOJIy4uTh OoJlee KauecTBeHHBIE
pesyibTraTel. OTMeTMM, dYTO MOAeNV, IIOJy4YeHHble OSTUM IIyTeM, MOIYT
YCIIOXKHATBCA 32 C4YeT MHOTOMEpPHOCTV, MHOrodakKTOPHOCTM, pa3HOoDpasyisd
IrPaHMYHBIX VI Ha4aJIbHBIX YCIIOBU, CIIeIVIKY Cpefibl U ApyIrux (paKTOpPOB.

3aTpyaHeHWe B JJaHHOM IIOAXOAe 3aKJIlovaeTrcss B HeCOOTBETCTBUU
YIIPOIIIEHHOV MO/ ee peaJIlMCTUYHOMY 00pasy M B CJIOKHOCTW IIperCTaB/IeHVs
peacTYHOrO oOpasa MoOMeIM C MHOXeCTBOM IlapaMeTpoB. Takke HeJIb3s
npenyragarb BIVSHUS HeOXUIAHHBIX (PAKTOPOB B pPealbHOWM 3KOJIOTMYEeCcKON
CUTyallMy, YTO 3HAuYMUTeJIbHO YCJIOXKHSAeT QOpMMUpOBaHMe IIPaBIOIIOIO0HbBIX
TUIIOTES.

PesyjpTaToM IIpeofojieHMsI TaKMUX CJIOKHOCTeM SBJISIeTCA  BTOPOW  TWII
Mofiesier], KOTOpPBII OasupyeTcs Ha 3aKOHOMEPHOCTM (PYHKIIMOHVPOBAHWA
5KOCHCTeM ITyTeM OOHapy>KeHMs B3aMIMOCBs3eVl B JTaHHBIX cUcTeMaxX. BeiOmpaercs
MeTOJ CTaTUCTUUYeCKOrO aHalu3a i1 paspaboTKM Mofeny, IpOoeKTUpOBaHUe
nporecca IOJIy4YeHMsI KOHTPOJIbHBIX JaHHBIX, KOMIIWIMPOBaHVE 3KOJIOIMYEeCKMX

JaHHBIX  CUCTeMBI, IIOCTPOEHMe aJropuTMa W  KOMIBIOTEPHBII  pacyer
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CTaTUICTUYECKIX COOTBETCTBUIL HvBepcudmkaris 3aKOHOMEPHOCTV
dopMmupoBaHMS 3KOJIOTMYECKON CUTyalluy TpeOyeT MOBTOPHOIO OIVCAaHHOIO
Ipoliecca, HO B JpyTrOM KadecTBe.

CraTtucTideckoe omperesieH e MaTeMaTIecKoV MOJIesIN — 3TO IIoA0op BuUaa 1
oIperereHne apaMeTpos Mozesn. [Ipurom mckomas PyHKIMS MOXeT ObITh He
TOJIBKO OTHO(AKTOPHOW, HO ¥ MHOTOdaKTOpHOM. Bbibop Buaa Momenm - 3amada
HedpopMaIbHAsl, MOTOMy KaK OIZHA ¥ Ta >Ke 3aBUCMMOCTb OIMCHIBAETCS C
OIVMHAKOBOV IIOTPEITHOCTBIO Pa3IMYHBIMM PErPecCMOHHBIMM  YPaBHEHVISIMIAL
IlestecoobpasHell  BBIOOp BMIOa MomeaM OOOCHOBAaH PSAOOM  KpUTepUEB:
KOMITaKTHOCTb, MHTEPIPEeTHpyeMocTb ¥ T.JA. PacueT mapaMeTpoB BBHIOpaHHON
MOJIe/I B OCHOBHOM opMayIbHasl 3ajlada, JIETKO pelllaeMasi KOMIIBIOTePHBIMM
CpenCcTBaMIL.

Korna  dopmupyercs  crarucTMueckas — IMIIOTe3a  OIIpeieJIeHHO
5KOJIOTMYECKOV CHUCTeMBl, Hy’KHa Oas3a IaHHBIX, KOTOpas, OJHAKO, MOXeT OBITh
upe3BbIuanHO BermKa[4]. s Gosiee peayMCTMUHOIO IIPeNCTaBIIEHMS O CUCTEMe
HeOOXOOVIMO OTHENMNTh HeCYIIeCTBEHHYIO MHAOPMAIIMIO, T.e. HYKHO COKpPaTUTb
TUII ¥ KOJIMYECTBO AaHHBIX. (DaKTOPHBIV aHAIN3 SBIISETCS OOHVM W3 METOIOB
cKaTus sKostormdeckont wmH@opMauyyn. CokpallleHne TaHHBIX OCYIIeCTBIISIOT
METOIIOM HaMMEHBIIMX KBaJpaTOB, IJIABHBIX KOMIIOHEHT C VCIIOJIb30BaHMEM,
HarpuMep, KiIacTepHoro aHamsa. (CjenyeT OTMeTUTb, UTO IIepBUYHAs
3KOJIoOrMYeckas MHMopMallMs MMeeT cileAyloliye 0cOOeHHOCTM: MHOIOMEepPHOCTb
TaHHBIX, HeJIMHEVHOCTb, HEeOIHO3HAYHOCTb B3aMMOCBS3elI B CUCTEME,
IIOTPEITHOCTD M3MEepPeHNI, BIIVSHVE HEeYYTeHHBIX (PaKTOPOB, IIPOCTPaHCTBEHHO-
BpeMeHHas IVHaMuKa. MaTeMaTndeckue Mopeiy, yUUTHIBaOIIe 3T (PaKTOpPBI,
IIO3BOJISAIOT OOJIee TOYHO ONVICHIBATD SKOJIOTUeCKyie IIPOIIeCChI.

15t pellleHMsI 3KOJIOTMYECKMX 3a7ad PasyMHO WCIOJIB30BaTh JIMHEVHbIE U
HeJIHEeVIHble  MaTeMaTuW4YecKye MOJeiIM, IIOTOMy KaK OCHOBHas  4acThb
5KOJIOTMYeCKMX 3aKOHOMEPHOCTeV MaJjlo MccilefloBaHa. B pesysbTaTe yuMThIBaeTCs
MHOT'OMEPHOCTb MOIeINPyeMbIX B3aIMOCBsI3€e1 U X HeJIHEeTHOCTb.

OueHbp BaXHBIM B  CTATVUCTUYECKOM  MOJEIMPOBAaHWMM  OKa3bIBaeTCs
IIpYIMeHeHVe alpUOPHBIX [JAHHBIX, YCTaHOBJIEHHBIX B IIpollecce pelleHms
Pa3IMIHBIX 3aKOHOMEPHOCTEVI MOJIETIV, VI YMEHBIIIEHO VX BO3MOKHO€e KOJIVTIECTBO.

BersiBiieHMe I1apaMeTpOB pPerpeccMOHHBIX MoOfeslell IOJIy4aloT OOBIMHO
METOZIOM HaMMEHBIIMX KBaJpaTOB, METOAOM IJIaBHBIX KOMIIOHEHT W WX
IIPOV3BOTHBIML.

HeobxoamMMocTh B TOJITOBpeMEHHOM IIPOrHO3MPOBAHUM TTOBEIEHNS CJIOKHBIX
5KOCVICTEM C IIPVIMEHEHVIEM KOMITBIOTEPHOVI TeXHVKV IOPOyIa CO3IaHe HOBOTO
TUIIa MOIEIN - VMWTAIIVIOHHOW MOfesIV, BKJIIOYaloIllell B ceOs IepBBI TUII U

IIPVIHIINIIBI  IIOCTPOEHIIA Mojesien BTOpOro Tulia. CYTBIO TIMUTAalIMOHHOI'O
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MOJIe/TMPOBAHMS SIBJISIETCS M3Y4eHMe CIIOKHOV MaTeMaTW4ecKOV MOIeIN ITyTeM
KOMITBIOTEPHOTO  IIPOBEHEHMSI OSKCIIEPVMEHTOB ¥ 00paboOTKM  pe3ysIbTaToB.
KommplorepHass wmMuTanmst JgaeT BO3MOXKHOCTb BOCIPOWM3BOINUTH ITPUYMHHO-
CJTe[ICTBEHHBIE CBSI3M SKOJIOTMYECKVX ITPOLIECCOB W SIBJIEHWV, II03BOJISIET M3ydaTh
TIOBefIeHe CJIOKHBIX 3KOCUCTeM KaK TeOpeTMUYecKy, TaK ¥ WM3ydaTb pa3jIMdHble
CTpaTeruy peryInpoBaHs SKOJIOTMYECKOVI CUTY IV

Ha ceromusiiaMy 1meHp Hambortee 3(pdHEKTMBHBIM METOAOM ITOCTPOEHMS
MOJIeJIeVl SKOJIOTMUECKVX CVICTEM SIBJISIETCSI METOT, OCHOBAHHBIV Ha MCIIO/Ih30BaHMM
TEOPUM HEUeTKOro MHOXecTBa. Mojiei, OCHOBaHHBIE Ha TeOPWUM HEUYETKOIrO
MHOX€eCTBa, JAIOT BO3MOXXHOCTb YUMUTHIBATH HEOIIPEIeIEHHOCTh ¥ HEeYeTKOCTb
VICXOIIHOVI 9KOJIormdeckon mHdopManmm oobpekTa MoaermpoBaHus [3]. Momenm Ha
OCHOBE HEUeTKOW JIOTMKM, C YYeTOM WepapXMUHOCTU OOBeKTa, ITO3BOJISIOT
CYIIIeCTBEHHO YIIPOCTUTH SKOJIOTMYECKYIO MOeb, a TakKXke o0ecriedmBaiT ee
a/IeKBaTHOCTb B YCJIOBVSIX HeOIIpelelleHHOCTH. IlocTpoeHMe Mopeien y4uTheIBaeT
3ajauy, He IIoaloIecs (GOpMaJlbHOMY OIVMCAaHMIO W3-3a TOrO, YTO YacTh
IIapaMeTpoB - OSTO HETOYHO VWIM KayeCTBeHHO 3aJlaHHble  BeJIYMHBIL.
TpamyimonHBIe METOIBI He TOIATCS IS PelleHs TaKMX 3a7ad IIOTOMY, 9TO OHU
He MOIYT OIIMCAaTh BO3HMKAIOIIYIO HeOIIpelesleHHOCTh. lIprMeHeHMe HeYeTKOu
JIOTYIKV TIO3BOJISIET CTPOWUTH Oa3bl 3HAHWIT WM IKCIIEPTHBIE CUCTEMBI HOBOTO
IIOKOJIEHNS, KOTOpble IIO3BOJISIIOT XPaHWUTh ¥ oOpabaTeiBaTh HETOUYHYIO
mHpopManmio 06 o0vekTe 3KoorMm. CrcTeMbl, OCHOBaHHBIE Ha HEUETKOV JIOTVIKE,
MOXXHO IIPVMEHSTH JIJTSI OLIeHKVI CTeIIeHV BO3IeVICTBYISI HETaTVBHBIX (PaKTOPOB IPH
HedeTKOCTM wH@opMarmm o0 9KOJIOTMYeCKOM o00bekTe. Heuerkme wMojienm
ITO3BOJISIOT OOJTee afleKBaTHO M TIOJTHO OMMCATh IKOJIOTMYECKVe ITPOIIeCCHl ITpU
VICXO[THOVI HeUYeTKOV MHQOpMarmi, a Takke CHVDKAIOT BEPOSTHOCTDb OITMOOYHBIX
PeIeHm TPV SKOJIOTMYEeCKOM MOHUTOPVHTE 1 IIPOTHO3MPOBAHMNA.

[Tpu pa3paboTke MaTeMaTMYeCKVX MOAeseV I KOMIIBIOTEPHOV CUCTEeMBI
5KOJIOTMUECKOTO MOHWTOPVMHIAa HEOOXOAMMO TakXke yd4ecTb TeppUTOPUAIIHHO-
pacipenielIeHHYIO IPVHAIIEXXHOCTh 00bekTa MopenmposaHus[4]. C aTonm ToOukm
3peHst OOBEKTHI YCIIOBHO MOTYT OBITH pa3fieIeHbl Ha YeThIpe yPOBHSL.

OObeKkTsl MMPOBOTO YpOBHSA. Mojen OOBEKTOB 3TOrO YPOBHS [IOJDKHBI
YUUTBIBATh IIPOOJIEMBI ¥ OCOOEHHOCTV 3KOJIOTMYECKMX IIPOIIeCCOB, VIMEFOIIVIX
OTHOIIIeHNe K HeCKOJIBKMM cTpaHaMm. Hampumep: Bo3myIiiHble OacceviHbl, MPOBBIE
OKeaHbl, TpaHCIPaHWYHBIE peKVM, KOCMUUYeCKOe IIPOCTPAHCTBO, MWUIpallys
>KVBOTHBIX VI ITTUILL U T.II.

OObBeKTBl TOCYIApCTBEHHOIO YypOBHSA. Momenn 3TOro YpOBHS JIOJDKHBI
YUUTBIBATh OOIIMpPHBIE TEPPUTOPWUM, KPYIHBII SKOHOMWYECKWUI IIOTEHIIVA,
0asoBble mpennpUATHS W Pecypchbl. TexHOreHHble KOMIUIEKCHI T'OCyZapcTBa

oDecrreymBaOT HE3aBUCUMOCTb U 0e3011acHOCTD CTpaHBbI. DKoytormyeckas
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0e30I1acHOCTD 3TVIX KOMIUIEKCOB IIpVpPaBHMBAETCS K KOJIOIMYeCcKOV 0e30IacHOCTI
cTpaHbl m '"ycTromumBoe" pasBUTHE OTpaciMi M TOCyJapcTBa BO3MOXHO B
paloOHaJILHO OpraHM30BaHHOM PVPOIHO-X03AVICTBEHHOM IIPOCTPaHCTBe.
OOBeKThI JIOKaJIBHOTO YPOBHS. Mopein 3TOro ypOBHS O/DKHBI YUUTBHIBATh
OLIeHKy HpupodHOro OoraTcTBa, C OpMeHTalMell Ha HayKoeMKue MU
BBICOKOTEXHOJIOTTYHbIE oTpaciny, pecypcocOeperarortye TEeXHOJIOT U,
KOMIUICKCHOE W3BJIeYeHMe IeHHBIX KOMIIOHEHTOB W3 IIPUPOOHBIX PeCcypcos,
YTWIN3ALMIO TEeXHOIeHHOTO M BTOPWYHOIO CHIPbs, CHVDKEHNEe IOV CBIpbS U
yBeJIdeHre KOHEYHOV KOHKYPEeHTOCIIOCOOHOV IPOAYKIMM, a TakKxXe Ipyrue
CpefcTBa CHVDKeHVISI JaBJIeHs KOJIOTMYeCKOVI CUTyalluy Ha IIPUPOIHYIO Cpely U

HaceJIeHuIe.

OOBEKTBI MeCTHOI'O ypoBHA. Mopgenu [OO/DKHBL  XapaKTepu3oBaThb
OpraHm3alyiio TepPPUTOPUAIIbHO-ITPOMU3BOICTBEHHBIX o pasaesieHun
IIPOM3BOJICTBA U BBIIEJISTIOT ~ MeCTHBle IIpoOJIeMBl C  VICTOIIAaoINee -

3arps3HSIONIVMMYL  BO3IEVICTBMSIMM Ha O9KOJIOIMIO, BHEIIHME OTpUIlaTeJIbHbIe
BO3IEVICTBII Ha MPVPOMY U IIPOMU3BOACTBO[4].

PesympraTel M mx obcyXmeHve. PariyoHasibHO BBIOpaHHBIE MaTeMaTHIecKyie
MOIE C IeIbl0  CO3MAaHMS CUCTEMBI OSKOJIOTMYECKOT0 MOHWUTOPVWHTA WU
IIPOTHO3VIPOBAHMS COBMECTHO C VICTIOJIH30BaHMEM COBpEeMEHHBIX
MHPOPMAIIVOHHBIX TEXHOJIOTMI, ITO3BOJISIOININX BBIIOIHATE cOOp, 00paboTKy m
xpaHeHVe wHQoOpManmumu o IIporiecce (PYHKIIMOHMPOBAHMS 3KOJIOTMYIECKOTO
OoOBeKTa IO3BOJIIOT 3(P(EKTMBHO OCYIIECTB/ISITh IIPOIIeCCHl KOHTPONIS MU
yIIpaBiIeHMsI SKOJIOTTYECKOVI CUTYalIEeN.
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